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FIELD Oh mt iiNv,^.>...v-.^- ^ t t of AC 

DESCRIPTION OF THE RELATED ART. 

TrnthpDC Side semiconductor rectifying devices, tn ee o . . ,,hich the rectifying 
;T';?:ad a s'w-tr Which the rectifying ^'-f^, ^^Jrely moun r^n^d radiators, for 

SScUons are different, and three A.C.-side t--';^j;3^^3;4";;e3 a.e used for semiconductor rectifying 
connecting the semiconductor ^^'^^V'^^^'^"^",^^, '^,"'^3 ^Tto the advancement of technology relating to 
devices in place of conventional canned ^ea' "9 tVPes Jiue to ^^^^ ^^^^^ 33,ere 

S Z >"'V rro«> ™tal in bonding ,^^ir^ P^t''''^'' 

c JSUJ wl„ oce., in 'rTdr;r«Tne inX ^^^^ P«sen, invention n.s c=*n,«^ 

:ri:C':c:r/S5r^^^^ 

ifn™ ro^ rZSr. .^n, in.-. ,n .*,c,0. ... ne» 

the seaside or in snowy areas. ^^sin and an epoxy resin are combined. 

The above-described problem still "f^" ' '3 °sin layer. This is because the silicone resin 

name^. when an epoxy resin layer is laminated °; ^ ' ^^°";;;;';,3.,^,. „ ^ temperature cycle is added, the 
^aTa thermal expansion coefficient greater than °f ^^e e^^^^^^^ ^^^^ 3,pa„3.on 

:roxy resin peels away from the -^fJ^^^^Z:^^^^^ ^Hht underlying silicone resin with the metal 
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,,,,-wave rectifier fabricated by using the f ^-^^ ^^^^^^^^ defective electrical charactenstics due to 

~ bThlr^^^Ve :rar wi::t d=. .e original resistance to heat and water vapor 

°^\^hffXrf semiconductor re 

to the present invention are that they P^°^'^fJ j^"/" bol'" surface of the container; a lead bonded to 
on iunction. one of whose main surfaces is bonded to the bottom ^^^taming silica powder, with 

the o'er main surface of the 3em'<=°"rtor chip a d ,^ 3,,,3 description, the 

which layer the exposed portion of the ^^'^^"^^"^^^^^ 

Toliner refers to a cup-shaped contair^er and a recessed sec^^^^^ ^^^^^^^ organopolysiloxane 
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hardening time is short. • ciiira obtained by burning SiCU; silicon compounds, for 

Silane compounds, for 

example, precipitated silica obtained '^y/Zj^^'^Xa a^d furSer grinding it, etc., can be used for sil,ca 
Silica obtained by grinding silicon and an ^ 3^^^^^^ of semiconductor rectifying devices, 

powder. From the viewpoint of reducmg ^^^^^^^ ^\%'lZ ,oZ^ ^r less and preferably 5 ppm or less, 
highly pure silica whose content ratio of Na and >< are each 10 pp ^^^^ ^^0 parts by 

Should be used. As regards the amount of ^'^^J^^^^^^^^^ of silicone resin. Preferably, 80to 

weight of silica powder must be used w>th is preferably 2 to 6 um 

100 parts by weight should be used. The average P^^^^'^ J^^^^^^^^^^ ^.^^ple, titanium oxide, carbon 
Sarious additives can be added as req-red .n a ^ '^^^.^l''^^^^^^^ type compounds may be 

black and organic dyes may be added for the P.";P°f; and metallic compounds or an 

added for the purpose of providing ^--SS^o the pur^^^^^^ -^^^^-^ , 

organic oxidation preventing agent may be added foM^^^ ^^^.^ ,^^^^3 be placed 

Although silicone resin layers alone ^^^^^f^^^'^.'^^^ Se semiconductor chip, 
thereon and other resin layers are interposed betw^^^^^^^^^^ characterized in that they are 

Next, semiconductor rectifying ^^evices of the presen^ m devices, a pair 

provided with a pair of radiators ^^^^^^V.r^ of radiators with^ which a rectifying directions are aligned 
of which are fixedly mounted on each of ^"^^ P^'^^ f^f ^ c.-side terminals, which are fixedly mounted 
and between which the rectifying ^'^^^J^^^^^^^^^^";,"^ devices, the number of the terminals are 

on different radiators, for connecting ^^^^^^Tc l^^l Each semiconductor rectifying device comprises a 
the same as the number of the phases of the A.C. side^ Each se ^^^^^^ ^^^^^^ ^, 

semiconductor chip having a pn ; °' ^^^^^^^ ace o he semiconductor chip, and a silicone 

the container section, a lead ^'^'^f^'^ ^^^l^X^eZ^^^^^^ of the semiconductor chip is covered, 
resin containing silica powder, with f J^^ I'^^^^^J^'" methods: either to the bottom surface of a 
The semiconductor chip is bonded by one °' J° '^'^'^^ ^ radiator which has previously been 

recessed section which has ^^^''^^'^XlZZTJ^cZ ^^^^ P<^-<^«^- 

bonded in a container. The same can t^.^/^^'^;;; J^^^^^^^^^^ coefficient smaller than that of silicone 

Silica is stable with respect to alkal. and has ^ t^e «^P^" ^ies of resistance to 

resin. For this reason, it silica powder is ^^^^2° ^ ''^/^'e^o o^ irr^provements can be achieved: 
heat and water vapor of the ^'"-°"«,;;^^";!,^^"tal s improved. ® the thermal expansion coefficient of 
® the stability of a silicone resin with respect to ^ ^^1' 'J '3° ,„„t^ction of the silicone resin is reduced. 
Ysilicone resin is decreased; (3) the ^<-ouoi o^ oJ ^^J^f l^'^^^ ^ ,esin of a semiconductor 

etc. Thus, if a silicone resin in which sihca powder s added is u ^ .^^^^^^^ ^^^^^^^ 

rectifying device installed in vehicles, ^^^^'Z leie^^ characteristics of the semiconductor 

and the metal and therefore, there is no ^^"Q^^^^^^^.f^'^J^f'^^^ respect to alkali, namely, the probability that 
rectifying device will occur, ® the 'J/J^^td grl^^ the following advantages can be 

silixane bonding will be decomposed by ^^^'^'^f^^r^ta metal is further reduced; and improved 
Obtained; the incidence of peeling °" rectifying devices suitable for 

~ inrhirS^^S above can be obtained in a full-wave 

rectifier fabricated by using such ^-'-^^fl^^''^^^^^^^ invention will become clear when 

. refer::: i:r:^:orro;i::r^^^^^^^^^ P-- embodiments Of the present invention, 

together with reference to the accompanying drawings. 
B RIEF DESCRIPTION OF THE DRAWINGS 

E.g 1 is a schematic sectional view showing an embodiment of a semiconductor rectifying device of the 
flg^r^'Hctmatic sectional view showing another embodiment of a semiconductor rectifying device of 
ng Tira^che^maTc sectional view showing a further embodiment of a semiconductor rectifying device 
" ?;r4 ira"schrar;ectional view showing a still further embodiment of a semiconductor rectifying 
Z^S °1 Ts^o^ view Showing a still further embodiment of a semiconductor rectifying 
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device of the present invention; 
Fig. 8 is 
invention; 



r:.1?:r4~>:p ««ing an ,..o.in,,n, o. a .e«a, o, ,h. presan, 

invention; ,w ,v/ • c- q- 



70 invention; 



present invention; and . 

Fig. 13 is a cross-sectional view taken along the line Xlll-XIII in Rg. 12. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

certain materia, with the first lead section 42, the cu-ture section 43 a d the sec°nd le^^^^^ section 
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metallic container 1 of this subassembly is filled with a liquid silicone resin which is prepared and purified 
so that 40 to 120 parts by weight of highly pure silica powder having an average particle size of 2 to 6 urn 
are contained therein with respect to 100 parts by weight of base oil compound comprising a dimethyl- 
polysiloxane oil having vinyl groups bonded to silicon atom in its molecule, a methylhydrogenpolysiloxane 

5 having hydrogen atoms bonded to silicon atom in its molecule as a cross-linking agent, alkoxysilane type 
compound as a adhesive agent and a platinum type catalyst as main ingredients thereof- The liquid silicone 
resin is cured in a primary curing process in which it is heated at approximately 50 'C for two hours or 
more in the atmosphere or N2 gas atmosphere. Furthermore, the liquid silicone resin is cured in a 
secondary curing process to strengthen the bonding between the metallic container, the semiconductor chip 

10 and the lead, in which process it is heated at 150 to 200*0 in the same atmosphere for two hours or more. 
Thus, the manufacturing of the semiconductor rectifying device is completed. 

Points in which semiconductor rectifying devices constructed as described above and installed in 
vehicles can withstand severe conditions are confirmed by the following evaluation test. The evaluation test 
was carried out as follows: the following processes are regarded as being one cycle, 

75 ® a first process in which a device is placed in a reverse bias state and in a salt-water atomized 
atmosphere for a predetermined time, 

@ a second process in which a device is placed in a non-bias state and in a high temperature for a 
predetermined time, 

@ a third process in which a device is placed in a reverse bias state and in a high temperature, high 
20 humidity atmosphere for a predetermined time. 

@ a fourth process in which a device is placed in a non-bias state and in an atmospheric air for a 
predetermined time. 

this cycle being repeated a predetermined number of times. Whether the device is defective or not is 
determined by the number of cycles until reverse characteristics of the device deteriorate. The results of the 
25 evaluation test were as follows: 
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,n .is U.e, t.e . .a. In .e results i"^-- :rld-^ 
resin deteriorates Is very sr.all and ^1;^-' ^^^^^^^^^^^ smal.'and that use o. the sealing 

expected: the a mark in the results ^^^'^^^^^JJ^^ ^^.^^^ ,he O mark in the results indicates that 

resin in a place where salt damage 's expected sho^^ ^ ^^^^^ ^3^3ge ,3 

the number of cycles is large and that '^.^^^f^''^^ ^J'" "^^^ than that indicated by the O mark, 
expected: and the ® mark in the ^^"^Vnfs " fsemfctducto rectifying device of the present invention. 
Figs. 2 to 7 show different embodiments of ^ is interposed between the silicone res.n 

Pit 2 Shows an e-bodiment in wh.ch a p.o.y^ semiconductor chip 2 and the 

layer 6 and the bottom surface of '"f ^^ich an epoxy resin layer 8 is formed on 

header section 41 of the lead 4. F.g. 3 shows embod.ment n wh-ch P y ^ ^^^^^ 

the silicone resin layer 6. The other Pa-ls .n ^'9=^ ^ -d ^ ^ ^ f^J a sealing resin. Fig. 4 

Shown in Figs. 2 and 3 -'I'l^f^^^^^,^^^^^^^ the semiconductor chip 2 and the 
Shows an embodiment .n wh.ch a metallic plate 9 s oispo ^^^^^^^ 
header section 41. Fig. 5 shows an embodiment J^^^^^J^f g are disposed to relieve 
semiconductor chip 2 and the metaHic ^^^^^'^'^J^^ ^^^^ between the semiconduc- 
thermal stress between the ^^-^1<^<^;^^XI^^^^^^ ^reilrl for example, molybdenum, tungsten, iron- 
tor chip 2 and the metallic container 1, ^®^P®^ '^J^ ! 2®', ° ^ ^^^^ for metallic plates 9 and 10. F.g. 4 
nickel alloys, copper-iron -^-^-\-'°^-';^^^:; '^^^^^ thermal expansion coefficient nearly 
shows a case in which the metallic container 1 is of ^ Z^^^^^^^' ^ ,,3,er section 41 is of a 
equal to that of the semiconductor ^^^'P 2. F g^ 5 shows semiconductor chip 2. If both the 

ri-c rr.rr«= rrr ... « ..-c .... . ^ .» 

be placed on both sides of the semiconductor chip 2. performed on the outer surface of the 

the present invention are used. radiator, respectively, each 

ir, Figs. 8 and 9. reference numerals 801 ^"<^ de"^^^^^^^ 802a. The semiconductor chip 2 is 

of which is arc-Shaped and has three '^^^^^^^ sections 80^a and 80 ^^^^^^ ^^^^^ 

bonded to the bottom surface of each '^^^^^'^^J^^^'^l^^^^^ are filled with the silicone 

, Fig. 7. The lead 4 is bonded to --J^^^ chip 2. As a result, the first and 

resin layer 6 containing sihca powder sufficient 1° ^^^''^^ semiconductor chip guided to the recessed 
second semiconductor -«'ving ^ie-es .e or^^ '^siti nTon the bottom' surface thereof. In a 
section 801a of a first radiator 801. ^ . P '7^;' ^ J., ^ ge^ond radiator 802. an n layer is positioned 
semiconductor chip guided to the recessed f^f.^^^^^^^^^^ i.^^atir^g member whose ring-like 

on the bottom surface thereof, f^^'^^^/^ ""-^^^^^^^^^^^ 

portion is open, which is «><«diy °" f J^^^ the first and second radiators 

and 802 by means of a screw 804. Thus. P°f J™ respectively denote first and second 

801 and 802 is maintained constant, f^^'^^^^'^^^^'^^^^'^^^^^^ member 803 by a rivet 807. 

long-piece lead terminals fastened at P^^^J^^^^'^," '^^^^^^^^^^^^ 802a of the radiators 801 

They are disposed at positions correspondmg *° j^^JJ^^^^f^i^^^'^^^ terminals 805 and 806 Is made in the 
and 802. respectively. The longitudinal fection of the P^^^ ^.^^^J^^^^^,,^ gOS. and notches 805a and 
same direction as the ^'^f ^IJ^^ ^.^^^e nJ: ^ Sternal end) of the first long-piece lead 

806a are disposed on both ends thereof. One o'J^e j t semiconductor rectifying device formed 
terminal 805 is soldered at the notch 805a with the lead of he f rst se ^^^^ ^^^^.^^^ 

in the first radiator 801. One 0' the ends (the -^^-al end) of^^^^^^^^^ ^ J P ^^^.^^ ^^^^^^ 
soldered at the notch 806a with the lead of the ^eco^d ^^'^'^.^^^ 3,,,,^ ,ong-piece lead terminals 
second radiator 802. The other ends (the externa e"ds) °f the '^^t ^ ^ 
805 and 806 are connected to each other by 'f^^. ^^^^.^^^^ S In^ econd radiators 801 and 802 as 
phase full-wave rectifier is formed as f f J^^^^ Js ^s A C This full-wave rectifier is used in a 

D.C. terminals and the first, second and third ^e "^:"als as A.c. terrn ^^^^^^^ ^ 

state in which it is fixedly mounted - t^^^.^^/'^;;;^" ^ZpoL to the outside air even when it 
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to 



15 



invention is applicable to a full-wave ;^ ^^^^^^ ,e<,ti,ie, of the present invention. Points of 

Figs. 10 and 11 show another ^'^^^^j^'^"' , ^^^^^ 

difference between Figs. 10 and 11 and •^g^-J^^^"^,,^^^,^^^^ holes lOla and l02a formed in a first 

constructed as shown in Fig. 6 and they are press '-"^^ o 9 ^^^^^^ radiator 102 are 

Tnd second radiator 101 and ^02; and that port.ons o -d-^J^^" ,04 denotes a resinous 

stacked in part on one another ^" '"^"'^7" ,or holding A.C. terminals I04a. 104b and l04c .n one 
terminal base, disposed on ^''V f fastln no t^o^r^edW rr^ounting the first radiator 101 and the 
piece. Reference J ,V';„7 ? Tou semiconductor rectifying devices are mounted on 

second radiator 102 together. In F.gs. ' - l^^.J^,.^^ the remaining one is used as a neutral- 

each of the radiators. Three of them "jf '^^^^^^^^^^^^^ an explanation thereof is omitted. The 

point diode. Since this is not directly related to present g and 9. 

advantages of this embodiment are the of the'present invention. Points of 

Figs. 12 and 13 show a further embodiment of ^ Ml wave ^ ^^^^^^ ^^^.^^^^ ,22 

difference between Figs. 12 and 13 and ^9^^ ^^^^^^^ radiator 122 are almost completely 

are shaped rectangularly and the <''st ^ad'a^; soacer 123 Reference numeral 124 denotes a res.nous 

0 of Figs. 8 and 9. . . « ^ sealing resin, according to the present 

lince a silicone resin containing J^'" ile having excellent resistance to salt 

invention, it is possible to realize a ^^^"'f^"^^*^; 

Claims 

30 1 A semiconductor rectifying device, comprising: 

: Te— r S'p«, a pn l.nCon. one o, .ho.e ... .„Hae« . ^ .» .ha bo»o. 

surface of the container(l); ..pmiconductor chip{2); and 

silica powder. 

r, riaim 1 wherein the silicone resin layer(6) contains 40 

^TarS"-'-^^^^ """""" 

" 3. A se.lco„.uc,o, ,ac,»„n. .a.,ce aeco,*., .o a. *a a.,„.a pa«,a si» o, « ca 

powder is 2 to 6 y.m. 
4 A semiconductor rectifying device, comprising: 

I -„n, a pn .n*n. on, 0, wnosa ™,n aur.aca. is ^n.a. .0 ,« Po„0. 

" il .a,„,3, la^lna,... on s«icone ,asin ,a,a„6,. 

-prrarc:=r^^^^^^^^ 

" e. A sa— ,0, ,ec.,„n. d.v,ca acco,o,n, ,o ca,. ..a.,n .no a.«a,o pa^ICa o, ,no s»iea 

powder is 2 to 6 um. 
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A semiconductor rectifying device, comprising: 

: iSnr«or"Sp,2, .aving , pn lunc.ion. one o, .ho,a ™,n surtacs i. .0 « bono., 

surface of the container(l); „w „/o\. 

a lead(4) bonded to the other main surface of the semiconductor ch.p(2), 

a poly mide resin layer{7) which covers an exposed portion of the ^^-'^^^^^^J^^f^P^^'^^^^^ 3„.„3 

a ^licone resin layer(6) which is laminated on the polyimide resm layer(7) and contains s.hca 

powder, 

A semiconductor rectifying device according to claim 7. wherein the silicone resin layer(6) contains 40 
To 120 pans bTwefght Of silica powder with respect to 100 parts by weight of the s.l.cone res.n. 

9. A semiconductor rectifying device according to claim 8. wherein the average particle size of the silica 
powder is 2 to 6 um. 

'"Tp'Lluv 01 n,s, somlconduoo, r.oUl.mg devices each of »nicn lo„T,e0 of a ^""^ "niaine. 

IhrsemSnductor chip(2). and a silicone resin layer(6) which covers the exposed portion of the 

. .nnnSld on the second radiator(802), a semiconductor chip(2) having contiguous p and n layers, the n 
" aver bing^; nded t^^^^^^ surface of the metallic container, a ,ead(4) bonded to '^je P -aver of 

The semiconductor chip(2), and a silicone resin layer(6) which covers the exposed portion of the 

30 phases'and tLo^gh which the ,eads(4) of the first semiconductor rectifying devices are connected to 
the leads(4) of the second semiconductor rectifying devices. 

A full-wave rectifier according to claim 10. wherein the silicone resin layers(6) of the first and 3e<=°"J 
imiconlctor rectifying devfces contain 40 to 120 parts by weight of silica powder with respect to 100 
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35 parts by weight of the silicone resin 

12. A 
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A full-wave rectifier according to claim 11, wherein the average particle size /^e silica powder 
confined tn the Silicone resin layers(6) of the first and second semiconductor rectifying devices is 2 to 
6 um. 

13 A full-wave rectifier according to claim 12. wherein an epoxy resin layer(8) is laminated on the silicone 
" resin layers(6) of the first and second semiconductor rectifying devices. 

devices. 

15. A semiconductor rectifying device, comprising: 

a metallic container(l ) having a recessed section(l la); hnnrt^H tn thP bottom 

a semiconductor chip(2) having a pn junction, one of whose mam surface is bonded to the bottom 
surface of the recessed section{1 1 a) of the metallic conta.ner(1 ); 

a lead(41 bonded to the other main surface of the semiconductor chip(2); and 

a sincTnl rest ,ayer(6) which covers an exposed portion of the semiconductor chip(2) and contains 

silica powder. 

16. A semiconductor rectifying device according to claim ^5^;'^7'V'%thT:^he sili'con'e r^ 

to 120 parts by weight of silica powder with respect to 100 parts by weight of the s.l.cone resm. 
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17. A semiconductor rectifying device according to claim 16. wherein the average particle size of the silica 
powder is 2 to 6 um. 

18. A semiconductor rectifying device according to claim 17, wherein an epoxy resin layer(8) Is laminated 
5 on the silicone resin layer.(6). 

19. A full-wave rectifier according to claim 17. wherein a polyimide layer(7) is disposed between the 
silicone resin layer (6) and the semiconductor chip.(2). 

rprp<?«?ed sections(80la 802a) and are used as D.C.-side terminals; 

rpfuraCof 'rst semiconductor chips(2) having contiguous p and n layers the p layer bemg 
bonded to the bottom surface of each recessed section(80la) of the first 

a plurality of second semiconductor chips having cont.guous p and n 'ayers the n ,ayer being 
bonded to the bottom surface of each recessed section(802a) of the second rad.ator(802). 

a first lead(4) bonded to the n layer of the first semiconductor chip(2); 

a second lead(4) bonded to the p layer of the second semiconductor chip(2): 

a sJcone resin layer(6) which covers the exposed portions of the first and second semiconductor 
on chiDS(2) and contains silica powder; and 

a plurality of A.C.-side terminals(808. 809. 810) whose number is the same as the number of 
phases and through which the first lead (4) is connected to the second lead (4). 

21 A full-wave rectifier according to claim 20. wherein the silicone resin layer(6) contains 40 to 120 parts 
25 ■ by weight of silica powder with respect to 100 parts by weight of the silicone res.n. 

22. A full-wave rectifier according to claim 21. wherein the average particle size of the silica powder Is 2 to 
6 urn. 
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